INTRODUCTION
The genus Populus is widely distributed in Europe, North America, and Asia. Its broad range, ability of spontaneous and controlled intra-and inter-species hybridization, enabled the development of a large number of subspecies and transient forms, i.e., simple and complex hybrids. Poplars are distinguished by fast growth and easy vegetative propagation (C a i n and O rm o r d , 1984). From the economic aspect, especially significant are poplars in the section Aigeiros which occupy small areas in Yugoslavia, but their share in felling volume and financial effects is great. Compared with other tree species of the temperate climate, poplars have the highest genetic potentials regarding fast growth and biomass production. According to some authors, they can produce great oven-dry biomass per hectare in a short time (H e r p k a , 1965). If we consider the forecast that the world will lack timber supply for mechanical and chemical processing, as well as for energy, the sudden interest in raising fast-growing tree species is not accidental. Therefore, the greatest number of poplar breeding programs has been directed to an increased utilization of their genetic potential and adaptive values. In this sense, the aim is to produce cultivars (clones) characterized by superior growth and resistance to pests and diseases of leaf and stem.
Using hybridization and multiple selection methods, the Poplar Research Institute in Novi Sad has developed a number of poplar clones characterized by extremely fast growth and a series of desirable properties, the most important of which is the resistance to leaf and stem diseases. To create conditions for accelerating the procedure of producing fast-growing species, i.e., to make selection as early as possible and to initiate the construction of an ideotype, a program of long-term research of anatomic properties and physiological processes, i.e., structurally functional relations, was designed to understand the complex processes which result in superior growth (O r l o v i ã et all., 1998; 1999) . The construction of an ideotype after D i c k m a n n et all . (1994) is actually a method of summarizing the overall plant physiology. Recently, great attention has been drawn to the study of WUE, in order to detect genotypes that consume less water and are photosynthetically more efficient. In addition to poplars, this was also studied in provenances of the European silver fir ( L a r s e n and M e k i c , 1991). This paper presents the results of a study of variability of photosynthesis, transpiration, WUE and biomass production in black poplar clones grown in three field experiments.
MATERIAL AND METHOD
In spring 1995, three polyclonal field experiments with black poplar clones (section Aigeiros D u b y ) were established in the nursery of the Poplar Research Institute, after the block system with randomized treatments (clones). The experiments included clones characterized by fast growth throughout the rotation. Three clones (53/86, N1 and 54/86) belong taxonomically to the European black poplar (Populus nigra), 3 clones (O s t i a , M1 and R o b u s t a ) are Euramerican poplars (Populus x euramericana), and 3 clones (PE 19/66, B-17 and S6-7) are eastern cottonwoods (Populus deltoides). The first experiment was established on humofluvisol, the second on a loamy form of fluvisol, the third on a sandy form of fluvisol (after classification by S k o r i c et all., 1985) . The research was carried out during the vegetative growth period in the same year.
Net photosynthesis was determined polarographically by a Clark-type electrode. Very fine parts of leaves (up to 0.5 mm) without veins (J o n e s and O s m o n d , 1973) were cut for analysis. Leaf parts were placed into 1.5 ml of reaction medium consisting of 50 mmol HEPES (N-2-hydroxy-ethyl piperazine-N-2-ethane sulphonic acid), pH 7.6-7.8 and 1 mmol NaHCO 3 , with constant temperature of 25°C. The process of photosynthesis was carried out under complete saturation with white light supplied by quartz-iodide lamp (S t a nk o v i c and W a l k e r , 1977). Net photosynthesis was measured on the sections of fully formed and exposed leaves from 10 plants, in 4 blocks.
Transpiration intensity was determined in the laboratory by the gravimetric method. Vessel masses were measured together with the plants at 7 a.m. and 7 p.m. To determine the intensity of transpiration, samples of cut off leaf tops were immersed in water with paraffin oil on the surface, to prevent evap-oration. Leaf area was then determined and transpiration intensity calculated in mg H 2 O m -2 s -1 .
Water use efficiency was calculated as a ratio between the rate of transpiration and net photosynthesis.
In order to relate the variability of physiological parameters with growth parameters and to evaluate the possibility of their use in early selection for superior growth, the overall biomass was analyzed. Dry weight biomass was measured as an indicator of productivity, by drying the entire ramet. Samples were taken at the end of the first growing season. They consisted of 10 randomly selected ramets from each block and location. The ramets were dried at 105°C. The heating and weighing were repeated at 2-hr intervals until constant weight was obtained (B r o w n i n g , 1967).
The obtained data were processed by the following statistical parameters and statistical analyses: mean value, ANOVA, correlation and cluster analysis (Euclidean distance).
RESULTS
Net photosynthesis (Table 1 ) was most intensive in the clone PE 19/66 in the first and the second experiments and in the clone B-17 in the third experiment. The lowest net photosynthesis was in the European black poplar clones 54/86 in the first and second experiments and in the clone 53/86 in the third experiment. In the first experiment, transpiration rate ranged from 4.1667 (clone B-17) to 22.7778 mg H 2 O m -2 s -1 (clone Ostia). In the second and third experiments, transpiration was most intensive in the clone 53/86. The lowest transpiration rates were found in the clones M1 and PE 19/66. As determined by the ANOVA for net photosynthesis and transpiration, the differences among the clones as well as among the experiments were statistically highly significant. The ratio between transpiration and net photosynthesis (water use efficiency) shows how many units of H 2 O have to be transpired in order to fix one CO 2 unit (L a r s e n and M e k i c , 1991). The highest WUE was in the clone B-17 (the first experiment), M1 (the second experiment) and PE 19/66 (the third experiment) (Table 2) . Generally, the highest WUE was in the clones of eastern cottonwood. Due to different reactions of clones depending on soil types, clone x experiment interaction was also highly significant. The clones PE 19/66 in the first and the third experiment and B-17 in the second experiment had the greatest total oven-dry biomass. The lowest values were recorded in the clone 54/86 in the first and N1 in the second and third experiments (Table 3) . Regarding this parameter, statistically highly significant differences existed among the clones and among the experiments. The interaction between clone and experiment was also statistically significant. The coefficients of correlation among the studied characters show that net photosynthesis was in a high positive correlation with biomass. Medium negative correlation existed between WUE and net photosynthesis, transpiration and biomass and WUE and biomass (Table 4) . Transpiration rate was in a medium positive correlation with WUE. The dendrogram of the cluster analysis (Figure 1) shows that the clones of eastern cottonwood (PE 19/66, are in the first group, the clones M1 and Robusta (Euramerican poplar) in the second group, all of them grouped at small distances. The European black poplar clones (N1 and 54/86) are in the third group and they are grouped at a great distance. The clone 53/86, probably due to its high transpiration rate, is far from the other clones and it is grouped at the greatest distance.
DISCUSSION
The results of the research presented in this paper show a high positive correlation between net photosynthesis and biomass. In earlier poplar studies, net photosynthesis was positively correlated with growth elements only in some cases (G o r d o n and P r o m i n t z , 1976; C e u l e m a n s and I mp e n s , 1983; I s e b r a n d s et al., 1988 ; C e u l e m a n s , 1990; O r l o v i ã et al., 1995) . Compared with agricultural crops, positive correlation was much more frequent for poplars. This is a consequence of the character of yield, which is vegetative for poplars and reproductive for agricultural crops (C e ul e m a n s and S a u g i e r , 1991). The studied clones differed in the amount of transpired water, i.e., in water use efficiency. Eastern cottonwood (Populus deltoides) had the greatest net photosynthesis while the European black poplar clones (Populus nigra) had a high intensity of transpiration. The high-yielding clones of eastern cottonwood and Euramerican poplar were superior in WUE.
The results of the cluster analysis indicate that the studied properties were probably specific for the poplar species to which these clones belong, as announced by a previous research of several anatomical and physiological characters of poplar clones (O r l o v i ã et al., 1997) . This study confirms the variability of the studied physiological characters and growth characters and a pronounced interclonal variability. Significant differences among the clones infer that these characters are genetically controlled to a high degree. The largest number of properties and parameters varied differently depending on the experiment (soil type), as proved by the statistically highly significant interaction clone x experiment. The results emphasize the need for further investigation which is significant for poplar selection under conditions of the changed water regimen in the soil, aiming at maximum utilization of poplar genetic potential for wood production. Rezime U radu su prikazani rezultati istraÿivawa fotosinteze, transpiracije, efikasnosti korišãewa vode (WUE) i biomase devet klonova topola u tri poqska ogleda na razliåitim tipovima zemqišta (humofluvisol, fluvisol forma ilovasta, fluvisol forma peskovita). Klonovi ameriåke crne topole (Populus deltoides) su imali najveãu neto fotosintezu i efikasnost korišãewa vode. Rezultati korelacione analize su pokazali jaku korelaciju izmeðu neto fotosinteze i biomase. Efikasnost korišãewa vode i neto fotosinteza, transpiracija i biomasa i efikasnost korišãewa vode i biomasa su bili u negativnoj korelaciji. Istraÿivawe je pokazalo visoku interklonalnu varijabilnost u pogledu istraÿivanih fizioloških i parametara rasta.
